A diffusion MRI (dMRI) tractography processing pipeline should be: i) reproducible in immediate test-test, ii) reproducible in time, iii) efficient and iv) easy to use. Two runs of the same processing pipeline with the same input data should give the same output today, tomorrow and in 2 years. However, processing dMRI data requires a large number of steps (20+ steps) that, at this time, may not be reproducible between runs or over time. If parameters such as the number of threads or the random number generator are not carefully set in the brain extraction, registration and fiber tracking steps, the end tractography results obtained can be far from reproducible and limit brain connectivity studies. Moreover, processing can take several hours to days of computation for a large database, even more so if the steps are running sequentially.
48
The efficiency of the pipeline is a keypoint for dMRI processing. To quickly process 49 more subjects, high performance computers (HPC) are often used. However, dMRI pro-50 cessing pipelines are not necessarily adapted for HPC. Easy use on HPC is an important 51 feature for the choice of the pipeline creation tool software.
52
In summary, problems of current dMRI pipelines are: i) not reproducible in test-test 53 experiments because libraries and code evolve, ii) not reproducible in time, iii) often, not 54 adapted or at least sub-optimal in terms of multi-processing and cluster usage, iv) often, 55 not adapted or optimized for big database processing.
56
We introduce a new diffusion MRI tractography processing pipeline, based on Nextflow analysis for the maps generated by the pipeline and the tractogram. We also quantify To evaluate the reproducibility and the performances of the pipeline, we use 3 types 127 of computers (2 clusters and 1 standard desktop), as described in Table 1 The 3 computer specifications. The CPU type (model of the processor), the architecture, the number of threads and the quantity of memory is described.
Data and code availability statement

129
All the data and pipeline code is downloadable. The two databases, Penthera1.5T The DWI processing consists of 14 tasks (Figure 1 (FRF) used can be the average of all FRF across the subjects or set for all subjects.
211
These options are set in the configuration file. The fODF, using constrained spherical performed. If necessary, the T1 is resampled at a given spatial resolution with DIPY.
226
By default, the T1 is resampled to 1mm isotropic but this task can be disabled. After antsBrainExtraction.sh command has a longer runtime. Then, to reduce the bounding 233 box of the image, the T1 is cropped with DIPY.
234
The three T1-specific tasks are the registration on the DWI, the tissue segmentation 235 and the computation of the tracking masks. 
Reproducibility analysis
269
For each dataset, and each computer system, the pipeline was ran three times with the 270 same parameters and the same Singularity container (commonly called test-test analysis).
271
The parameters used across the pipeline are the default ones. Moreover, reproducibility 272 of "standard" pipelines was computed on five subjects from Penthera3T.
273
Reproducibility measures of local diffusion and T1 maps. As shown in Figure 2 obtain the "global" mean CC and mean MAE across the datasets.
280
Figure 1: The graph of the main processes of the pipeline. In A (blue), the input files required to run the pipeline. In B (green), the DWI processes that take the DWI, the b-values/b-vectors files and the reversed phase encoded b=0 image. In C (red), the T1 processes that take the T1 weighted image in input. In orange, all processes or images that are optional. Then, a connectivity matrix is computed for each subject and each run (see Figure   296 4.A). A connectivity matrix is based on a atlas that contains parcels. are respectively averaged to obtain a "global" average across the datasets. across the three runs is computed to perform the same ROI registration for each subject.
314
The percentage of same streamline segments is also computed as previously presented.
315
Moreover, as explained for the whole tractogram, a density map and an endpoints map 316 is computed for the corpus callusum and the reproducibility of these maps is evaluated.
317
Figure 4: For each subject and each run, the structural connectivity matrix is obtained from the Brainnetome atlas and the whole brain tractogram (A). Corpus callusum bundle is obtained from region of interests and the whole brain tractogram (B).
Results
Measures presented in this section come from the Cluster 1. forces streamlines to stop in the GM map.
367
Connectivity matrix. As shown in Table 6 , the reproducibility of the connectivity matrix the number of streamlines.
375
Figure 5: In A, the corpus callusum extracted from a subject in the run 1. In B, the corpus callusum extracted from the same subject in the run 2. In C, the fibers not reproducible in the corpus callusum. For the HCP subset, the pipeline was ran one time without the Eddy/Topup, resample and Rahmann, 2012] is a pipeline creation tool similar to Nextflow.
412
As Singularity, Docker (https://www.docker.com/) is another container software.
413
However, Docker requires administrator permissions, which is not realistic for HPC de- 
Pipeline processing steps
417
Using Nextflow, the pipeline is easy to modify and upgrade over time. The code 418 is designed so that one task does one specific processing step. As an example, Figure   419 6 shows the code of the DWI denoising task in the TractoFlow Nextflow pipeline. As others), which make them less scalable across subjects, scanners, sites. However, as these 427 techniques evolve, become more robust and more efficient, they could easily be integrated 428 in the TractoFlow pipeline.
429
Moreover, a Gibbs ringing correction task must be added to the pipeline in the future. """ MRTRIX_NTHREADS=$ t a s k . cpus d w i d e n o i s e $dwi dwi_denoised . n i i . gz \ −e x t e n t $params . e x t e n t f s l m a t h s dwi_denoised . n i i . gz −t h r 0\ $ { s i d } __dwi_denoised . n i i . gz """ } Figure 6 : Example of a TractoFlow task: DWI denoising. In the input scope the files requiered by the task. In the output scope, the DWI denoised. In the script scope, the denoising command to run: dwidenoise.
Tractography is the last processing step of the pipeline. It was a deliberate choice the tracking and the metrics and maps generated from the tracking.
457
In terms of "standard" pipelines, it is not surprising that both our TractoFlow-no- University which helped push forward neurosciences research. Garyfallidis, E., Zucchelli, M., Houde, J., Descoteaux, M., 2014b. How to perform best odf reconstruction 590 from the human connectome project sampling scheme?, in: 14th scientific meeting of the international 591 society for magnetic resonance in medicine. 
